monitored. The beam was verified to be on the detector, and in the linear region of behavior throughout measurement of the peaks.
Analysis and interpretation:
Anomalies at temperatures offset from phase transformation temperatures are interpreted as follows. Using composite theory based on the Hashin-Shtrikman coated sphere model for inclusions, multiple peaks and doublets are obtained if one allows softening of bulk modulus to zero and negative values, and of shear modulus to zero. Shear modulus less than zero gives rise to instability associated with domain formationU since the present inclusions were much larger than the domain size, their shear modulus is assumed to be positive. Indeed, no anomalies were observed in shear (torsion) in the present results. Anomalies in predicted bending properties appear well below T c if we assume a base modulus of 50 GPa for tin matrix and 100 GPa for inclusions. This is in contrast to the VO 2 examined in prior studies, in which the inclusions were much stiffer than matrix.
Shift of peaks with thermal cycling is interpreted as follows. Negative specific heat was observed as a brief reversal of the heating or cooling trend of temperature vs. time. The temperature sensor in these studies was placed in the air flow about 1 mm from the specimen rather than in contact with it, to avoid interference with mechanical property measurements. Calibration studies upon normal specimens mounted but not tested mechanically disclosed less than 1 eC difference between the temperature of a sensor in contact with the specimen and one near it in the air flow. However a larger difference is likely to occur in specimens which exhibit anomalous thermal properties such as negative specific heat since in that case, the rate of change of temperature is greater than in the case of natural heating or cooling. Changes in the interface between inclusion and matrix therefore are reflected in the thermal properties, giving rise to a shift of the peaks with temperature as thermal cycling alters the interface. The theoretical specific heat depends on constituent bulk moduli ( 4 ) as follows.
in which c p cmp is the composite specific heat, c p avg is the volume average specific heat of the phases, T is temperature, ! 1 is thermal expansion of phase 1, K 1 is the bulk modulus of phase 1, K cmp is the composite bulk modulus and K avg is the volume average bulk modulus of the phases. When one phase has negative bulk modulus, the composite compressibility 1/K cmp can substantially exceed the volume average compressibility in magnitude, therefore negative specific heat can result in the composite.
The Landau free energy function F f !" 6 -#" 4 g $(T -T 1 )" 2 of temperature T with !, #, $ and T 1 as positive constants depending on the material is associated with the modulus as follows ( 5 ). Formally, the relation between stress % and strain " is % f !F/!". Therefore at low temperature, the effective modulus is negative.
Negative compressibility or heat capacity is unstable in equilibrium thermodynamics of homogeneous systems, but if there is heterogeneity ( 6 ), as in the case of gravitating systems ( 7 ), negative susceptibilities can occur.
